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Introduction
In order to determine the factors associated with an
improved success rate of return of spontaneous circu-
lation (ROSC) of out-of-hospital cardiac arrest (OHCA)
cases, we retrospectively analyzed 145 consecutive OHCA
patients in a 6-month period from January 1, 2007 to
June 30, 2007 in a medical center in north Taiwan. 
We enrolled 112 non-traumatic OHCA cases and col-
lected data on important parameters including arte-
rial blood gas (ABG) and biochemistry to calculate the
odds ratio (OR) of factors affecting ROSC, and to deter-
mine the optimal values for achieving ROSC.
There have been several studies investigating the
factors associated with successful cardiopulmonary
resuscitation (CPR) and ROSC in non-traumatic OHCA
cases. Most analyzed is prehospital resuscitation, such as
an early phone call for the ambulance, bystander CPR,
presentation with ventricular fibrillation or tachycardia,
medication, and the formal and structured emergency
resuscitation care. Determinant factors of ROSC, such as
relatively lower acidosis and lower hypercarbia, are well
known. There are no reports studying other laboratory
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SUMMARY
Background: To study the parameters of out-of-hospital cardiac arrest (OHCA) patients to improve the return of
spontaneous circulation (ROSC) rate during resuscitation.
Methods: Records of 112 consecutive non-traumatic OHCA cases from January 1, 2007 to June 30, 2007 in a
medical center in north Taiwan were retrospectively analyzed. We excluded 15 cases with missing laboratory
data. Data of the 97 enrolled cases included age, clinical experience of the doctor (in years), arterial blood gas
(ABG) pH, PaCO2 (mmHg), hemoglobin, glucose, creatinine and potassium, and were analyzed by the statistical
software SPSS version 11.5.0. We calculated the odds ratio (OR) of ROSC and the Pearson’s correlation coefficient
to evaluate the optimal parameters for ROSC.
Results: Multivariate analysis of ROSC in OHCA patients showed that an ABG pH > 7.10 (OR, 1.33), age of 65
years and older (OR, 1.76), and glucose > 110 mg/dL (OR, 1.33) were associated with ROSC. PaCO2 > 45 mmHg
(OR, 0.76), potassium > 5.3 mEq/L (OR, 0.81), and creatinine > 1.3 mg/dL (OR, 0.86) were associated with non-
achievement of ROSC. We used the regression method for curve estimation, and found that an ABG pH > 7.178,
serum glucose < 385.9 mg/dL, and PaCO2 < 29.2 mmHg were associated with achievement of ROSC.
Conclusion: Less acidosis, less hypercarbia and less hyperkalemia predispose to achievement of ROSC. This
study suggests values of the parameters (pH > 7.178, PaCO2 < 29.2 mmHg, glucose < 385.9 mg/dL) to aim for
during resuscitation of OHCA patients. [International Journal of Gerontology 2009; 3(2): 96–100]
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data that might influence ROSC; in this retrospective
study, we used regression analysis and the OR to analyze
the optimal values during resuscitation.
Materials and Methods
The Mackay Memorial Hospital in Taiwan is a 2,000-bed
teaching medical center which employs approximately
4,500 doctors, nurses and allied health professionals.
The total number of annual patient visits to the emer-
gency department (ED) was approximately 164,000.
From January 1, 2007 to June 30, 2007, there were
65,639 visits to the ED of Mackay Memorial Hospital,
and of these, 145 cases (0.22%) were OHCA. There were
23 attending physicians and 22 residencies on our ED
staff. Of the 145 cases of OHCA, 112 were non-traumatic
and 28 were trauma-related. Five patients younger
than 18 years were sent to the pediatric ED for resusci-
tation. We excluded the trauma-related cases and those
patients younger than 18. Some parameters of biochem-
istry screening were not available in 15 of the 112 cases,
so we finally enrolled 97 cases in our study. The rate of
ROSC was 41%.
Data of the 97 cases included: ABG pH, PaCO2, age,
potassium, glucose, creatinine, hemoglobin (Hb), and
years of physicians’ ED experience. These data were
gathered retrospectively and analyzed by the statisti-
cal software SPSS version 11.5.0 (SPSS Inc., Chicago, IL,
USA), with OR calculation and estimation of optimal
values for achieving ROSC determined by the regres-
sion method.
ABG analysis and biochemistry screening were car-
ried out immediately on arrival at the ED before chest
compression. We calculated the OR of ROSC for age,
ABG pH, PaCO2, Hb, glucose, potassium, and creati-
nine. Comparisons were made for: ages older than 
65 years, and 65 years or younger; pH values > 7.1 
and ≤ 7.1; PaCO2 > 45 mmHg and ≤ 45 mmHg; potas-
sium > 5.3 mEq/L and ≤ 5.3 mEq/L; glucose > 110 mg/
dL and ≤ 110 mg/dL; and creatinine > 1.3 mg/dL and
≤ 1.3 mg/dL.
With respect to ABG pH, PaCO2, glucose, and years
of physicians’ ED experience, we used the regression
method to estimate the OR and optimal values to
achieve ROSC. Resuscitations of all 97 cases were in
accordance with the Advanced Cardiac Life Support
guidelines of 2005. Pearson analysis was used to estab-
lish correlations between the parameters and ROSC.
Results
The mean age of the patients from the 97 OHCA 
cases was 71.2 ± 17.2 years (range, 28–99 years), and
42.3% (n = 41) achieved ROSC during or after resus-
citation. The mean values of the parameters were 
as follows: ABG pH, 6.936 ± 0.208 (range, 6.26–7.51);
PaCO2, 75.3±37.1mmHg (range, 17.3–200.5mmHg);
Hb, 11.3±3.3 mg/dL (range, 1.2–18.3 mg/dL); glucose,
232.2 ± 146.6 mg/dL (range, 6–727 mg/dL); potassium,
6.7±2.6mEq/L (range, 1.1–14mEq/L); creatinine, 2.36±
1.75 mg/dL (range, 0.4–9.9 mg/dL). ED physicians had
from 1 to 11 years of practice with a mean of 5.4 ± 2.3
years (Table 1).
Values for an ROSC OR > 1 were: age > 65 years (OR,
1.76), ABG pH > 7.1 (OR, 1.33), and glucose > 110 mg/dL
(OR, 1.33). Values for an OR <1 were: creatinine >1.3mg/
dL (OR, 0.86), potassium > 5.3 mEq/L (OR, 0.81), PaCO2
> 45 mmHg (OR, 0.76), and Hb > 12.75 g/dL (OR, 0.52)
(Table 2).
Using the regression method for curve estimation,
we found that pH > 7.178, PaCO2 < 29.2 mmHg, and
glucose < 385.9 mg/dL were all important parameters
for achieving ROSC (Figures 1, 2 and 3). Interestingly,
we also found that ED physicians with 6–7 years of
experience had the best OR of ROSC, namely 0.937
(Figure 4).
We found that the higher the level of serum potas-
sium, the lower the OR. The relationship of OR to serum
potassium is shown in Figure 5.
Pearson analysis was used to establish the correla-
tions between the parameters ABG pH, potassium, CO2,
glucose and years in practice, and ROSC. Of these, ABG
pH (r=0.997, p=0.046), potassium (r=–0.984, p=0.002)
Table 1. Clinical data of 97 consecutive out-of-hospital
cardiac arrest cases
Mean ± SD (range)
Age (yr) 71.2 ± 17.2 (28–99)
ABG pH 6.936 ± 0.208 (6.26–7.51)
PaCO2 (mmHg) 75.3 ± 37.1 (17.3–200.5)
Hemoglobin (g/dL) 11.3 ± 3.3 (1.2–18.3)
Glucose (mg/dL) 232.2 ± 146.6 (6–727)
Potassium (mEq/L) 6.7 ± 2.6 (1.1–14)
Creatinine (mg/dL) 2.36 ± 1.75 (0.4–9.9)
Emergency department 5.4 ± 2.3 (1–11)
experience (yr)
SD = standard deviation; ABG = arterial blood gas.
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were found to have a significant influence on ROSC.
For CO2, serum glucose and physician experience, there
were no significance correlations with ROSC (Table 3,
Figure 6).
Discussion
Several published articles have discussed the factors
associated with successful CPR and ROSC in non-
traumatic OHCA cases. Most studies analyzed the pre-
hospital resuscitation1, such as early phone call for the
ambulance2, bystander CPR, presentation with ven-
tricular fibrillation or tachycardia3,4, medication5,6, no
evidence of hepatic portal venous gas7 and formal and
structured emergency resuscitation8. Determinant fac-
tors for ROSC9,10, i.e., relatively less acidosis, less hyper-
carbia and normokalemia. were found in this study.
In the analysis of the OR of ROSC, we found that a
pH > 7.1 positively influenced ROSC, (OR, 1.33), while
PaCO2 >45mmHg negatively influenced ROSC (OR, 0.76).
In 1995, Idris et al.10 conducted an animal study and
concluded that both hypoxia and hypercarbia inde-
pendently had an adverse effect on resuscitation from
cardiac arrest. Maintaining adequate ventilation, and
lowering the carbon dioxide pressure in the arterial
blood aids the ROSC. Another analysis of ABG during
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Figure 1. Regression analysis of arterial blood gas (ABG) pH
and odds ratio of return of spontaneous circulation (ROSC).
A pH > 7.178 was more likely to be associated with ROSC.
Table 2. Odds ratio (OR) of return of spontaneous circula-
tion (ROSC) for different parameters of consecutive
out-of-hospital cardiac arrest cases (n = 97)
ROSC, n (%) OR
Age (yr)
≤ 65 8/29 (27.6)
> 65 33/68 (48.5) 1.76
ABG pH
≤ 7.1 30/76 (39.5)
> 7.1 11/21 (52.4) 1.33
Glucose (mg/dL)
≤ 110 6/18 (33.3)
> 110 35/79 (44.3) 1.33
Creatinine (mg/dL)
≤ 1.3 14/30 (46.7)
> 1.3 27/67 (40.3) 0.86
Potassium (mEq/L)
≤ 5.3 16/33 (48.5)
> 5.3 25/64 (39.1) 0.81
PaCO2 (mmHg)
≤ 45 10/19 (52.6)
> 45 31/78 (39.7) 0.76
Hemoglobin (g/dL)
≤ 12.75 31/60 (51.7)
> 12.75 10/37 (27.0) 0.52
ABG = arterial blood gas.
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Figure 2. Regression analysis of arterial carbon dioxide and
odds ratio of return of spontaneous circulation (ROSC). A higher
ROSC rate occurred at PaCO2 < 29.2 mmHg.
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Figure 3. Regression analysis of glucose and odds ratio of re-
turn of spontaneous circulation (ROSC). Control of serum glu-
cose under 385.9mg/dL was associated with a better ROSC rate.
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resuscitation of OHCA cases by Takasu et al.11 in 2007
reported that arterial base excess was higher in sur-
vivors than non-survivors after CPR. In the Pearson
analysis, ABG pH was significantly correlated with ROSC
(r = 0.997, p = 0.046). The optimal ABG pH during resus-
citation was 7.178, as shown by regression analysis. Thus,
we have a new aim in future while resuscitating OHCA
patients: to supply NaHCO3 to achieve a pH > 7.178,
and increase the possibility of ROSC.
We presumed that more catecholamine was re-
leased into the systemic circulation in the ROSC group
than in the non-ROSC group prior to cardiac arrest, but
this still needs to be established. In 1986, an animal
study showed that potassium is released from cells dur-
ing ischemia12. We suggest that the longer the dura-
tion of cardiac arrest, the higher the level of potassium,
resulting in more difficulty for ROSC. This corresponds
with our study result, as elevated potassium significantly
lowers the chance of ROSC, as shown by Pearson analy-
sis (r = –0.984, p = 0.002). For ROSC to occur after resus-
citation, the hyperkalemic status of patients should be
corrected. There is no published article reporting the
relationship between serum glucose and ROSC. In our
study, a serum glucose > 110 mg/dL had an OR of 1.33
for ROSC compared with serum glucose ≤ 110 mg/dL.
This implies that OHCA patients need more glucose while
they are being resuscitated. From regression analysis,
we found that serum glucose > 385.9 mg/dL may lower
the OR of ROSC. OHCA patients with renal insufficiency
had an OR of 0.86 for ROSC, indicating that patients
with normal renal function had a higher rate of ROSC.
This is also a new concept, which no article has
reported before.
Medicine is a field that requires the accumulation of
experiences. Here, we have an interesting result: ED
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Figure 5. The relationship between odds ratio of return of
spontaneous circulation (ROSC) and serum potassium, showing
the higher the serum potassium, the lower the odds ratio.
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Figure 4. Regression analysis between years of emergency
department experience (of doctors) and odds ratio of return
of spontaneous circulation (ROSC). Physicians with 6–7 years
of experience were more successful at resuscitating patients.
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Figure 6. Pearson’s coefficient of multivariate factors in
return of spontaneous circulation (ROSC). Of these, arterial
blood gas (ABG) pH and potassium are of clinical significance
in influencing ROSC.
Table 3. Correlation between odds ratio (OR) of return of
spontaneous circulation and various parameters
Pearson’s 
coefficient
p (two-tailed)
ABG pH and OR 0.997 0.046*
Potassium and OR −0.984 0.002*
Carbon dioxide and OR −0.840 0.075
Glucose and OR −0.586 0.222
Practice years of
physician 0.577 0.231
*Clinically significant in influencing return of spontaneous circula-
tion. ABG = arterial blood gas.
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physicians with 6–7 years of experience are better at
resuscitation and have a higher ROSC rate. This is com-
patible with medical education and training in Taiwan.
No article has mentioned this before either.
In conclusion, this study corresponds with our cur-
rent perceptions of resuscitation of non-traumatic OHCA
cases. Less acidosis, less hypercarbia, and less hyper-
kalemia predispose ROSC. This is the reason why ade-
quate ventilation and administration of calcium
gluconate and sodium bicarbonate play an important
role in providing suitable conditions during resuscita-
tion. New targets for parameters as established in our
study are: pH > 7.178, PaCO2 < 29.2 mmHg, and serum
glucose < 385.9 mg/dL. These are optimal values to
achieve ROSC.
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